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(54) STEEL FOR METAL MOLD FOR PLASTIC MOLDING, EXCELLENT IN 
WELDABILITY 

(57)Abstract: 

PURPOSE: To produce a steel for a metal mold for plastic molding, excellent in 
weldability and hardenability, by specifying the chemical composition in a steel and 
controlling BH value to the prescribed value or below. 

CONSTITUTION: This steel has a composition which consists of, by weight, 0. 10- 
0.25% C, >0.25-0.35% Si, 1.20-2.20% Mn, <0.020% P, 0.01-0.05% S, 1.60-3.00% Cr, 
0.03-2.00% Mo, 0.01-0.40% V, <0.002% B, and the balance essentially Fe and in which 
BH value satisfies the condition represented by the inequality. Further, if necessary, 
<1 .0% Cu and <2.0% Ni are incorporated into this composition, and further, one or >2 
kinds among 0.003-0.2% Zr, 0.03-0.20% Pb, 0.01-0.15% Te, 0.0005-0.010% Ca, and 
0.01-0.20% Bi are incorporated. By this method, the steel for a metal mold for plastic 



blending are relieved by increasing the amount of 
Si capable of being added and also neither 
preheating nor postheating is required at the time 
of welding, can be obtained. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the steel for plastic-molding metal mold 
excellent in weldability in detail about the steel for plastic-molding metal mold. 



PRIOR ART 



[Description of the Prior Art] In plastic-molding metal mold, since it corresponds to an 
error, a design change, etc. of processing at the time of a metal mold fabrication, it is not 
rare to perform remedy by build-up welding. Conventionally, as this plastic-molding 
metal mold and a comparatively large-sized especially charge of plastic-molding metal 
mold lumber, steel for general structure, such as S55C, and the inside low-carbon steel of 
SCM445 grade were used. 

[0003] In the case of the plastic-molding metal mold which ** and consists of these 
ingredients, there are some which to preheat on the occasion of welding for weld- 
cracking prevention (250-350 degrees C) is needed, and need post heating by the case. 
[0004] However, when performing such preheating and post heating on the occasion of 
welding, the heating fiimace of dedication was needed, or heating took long duration, or 
problems, like it is required to perform welding operation to the metal mold of the 
elevated-temperature condition after preheating, and workability is bad arose, and the 
solution was desired. 

[0005] moreover ~ as the steel for plastic-molding metal mold — hardenability - good — 
in addition - and to excel in mirror plane workability and crimp workability, and to excel 
also in machinability further is demanded. 

[0006] Since it is such, this invention person etc. is proposing by developing the 
preharden steel for plastic-molding metal mold excellent in the welding remedy nature 
which does not need preheating and post heating on the occasion of welding (JP,3- 
177536,A). 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The steel for plastic-molding metal mold of 
invention of this JP,3- 177536, A While regulating P as an impurity, and B to below fixed 
and recognizing optimum dose existence of the S at the same time it regulates the content 
of Si in 0.25% or less of small amount It is characterized by the point of having secured 
hardness and workability required as improvement in weldability, and steel for plastic- 
molding metal mold, by controlling and combining below with a predetermined value the 
hardness BH value by the side of the base material of the weld junction section which 
requires the maximum stress at the time of welding, and making [ many ] the addition of 
the improvement element in hardenability. 

[0008] However, in the ferrous material. Si is an element currently used very widely, and 
although the specific property of steel becomes good when the content is regulated to 
0.25% or less, in manufacture of the steel for plastic-molding metal mold, its constraint 
on raw material combination is large, and it has also connoted the problem which spoils 
profitability in one side. 

MEANS 



[Means for Solving the Problem] This invention is made against the background of such a 
situation. It **. This invention the presentation of the steel for plastic-molding metal 



mold By weight %, C: 0.10 - 0.25%, Si: 0.25 ** -0.35%, Mn: It changes from Fe to a 
remainder real target 1.20 - 2.20%, P:<=0.020%, S:0.01 - 0.05%, Cr: 1.60-3. 00%, 
Mo:0.03-2.00%, ViO.Ol - 0.40%, and B:<=0.002%. And following type BH value 
=326+847.3 It is characterized by making with the presentation with which it is satisfied 
of +18.3 (Si%)-8.6 (Mn%)-12.5 (Cr%)<=460 (C%) (claim 1). 

[0010] It adds to the above-mentioned component here. As a selection element any one 
sort of Cu and nickel, pr two sorts It can be made to contain in Cu:<=1.0% and 
nickel:<=2.0%. As other selection elements, furthermore, any one sort of Zr, Pb, Te, 
calcium, and. the Bi, or two sorts or more Zr: It can be made to contain in 0.003-0.2%, 
Pb:0.03-0.20%, Te:0.01r0.15%, calcium:0.0005-0.010%, and Bi:0.01-0.20%. 
[0011] 

EFFECT OF THE INVENTION 



[Effect of the Invention] While according to this invention in manufacturing the steel for 
plastic-molding metal mold it becomes possible to make many Si as an alloy content 
contain, the degree of freedom of raw material combination increases in manufacture of 
the steel for metal mold and profitability becomes good, the steel for plastic-molding 
metal mold excellent in properties, such as weldability and hardenability, can be 
obtained, 

DETAILED DESCRIPTION 



[Detailed Description of the Invention} 
[0001] 

[Industrial AppHcation] This invention relates to the steel for plastic-molding metal mold 
excellent in weldability in detail about the steel for plastic-molding metal mold. 
[0002] 

[Description of the Prior Art] In plastic-molding metal mold, since it corresponds to an 
error, a design change, etc. of processing at the time of a metal mold fabrication, it is not 
rare to perform remedy by build-up welding. Conventionally, as this plastic-molding 
metal mold and a comparatively large-sized especially charge of plastic-molding metal 
mold lumber, steel for general structure, such as S55C, and the inside low-carbon steel of 
SCM445 grade were used. 

[0003] In the case of the plastic-molding metal mold which ** and consists of these 
ingredients, there are some which to preheat on the occasion of welding for weld- 
cracking prevention (250-350 degrees C) is needed, and need post heating by the case. 
[0004] However, when performing such preheating and post heating on the occasion of 
welding, the heating furnace of dedication was needed, or heating took long duration, or 
problems, like it is required to perform welding operation to the metal mold of the 
elevated-temperature condition after preheating, and workability is bad arose, and the 
solution was desired. 

[0005] moreover — as the steel for plastic-molding metal mold — hardenability — good — 
in addition - and to excel in mirror plane workability and crimp workability, and to excel 
also in machinability further is demanded. 

[0006] Since it is such, this invention person etc. is proposing by developing the 



preharden steel for plastic-molding metal mold excellent in the welding remedy nature 
which does not need preheating and post heating on the occasion of welding (JP,3- 
177536,A). 
[0007] 

[Problem(s) to be Solved by the Invention] The steel for plastic-molding metal mold of 
invention of this JP,3-177536,A While regulating P as an impurity, and B to below fixed 
and recognizing optimum dose existence of the S at the same time it regulates the content 
of Si in 0.25% or less of small amount It is characterized by the point of having secured 
hardness and workability required as improvement in weldability, and steel for plastic- 
molding metal mold, by controlling and combining below with a predetermined value the 
hardness BH value by the side of the base material of the weld junction section which 
requires the maximum stress at the time of welding, and making [ many ] the addition of 
the improvement element in hardenability. 

[0008] However, in the ferrous material. Si is an element currently used very widely, and 
although the specific property of steel becomes good when the content is regulated to 
0-25% or less, in manufacture of the steel for plastic-molding metal mold, its constraint 
on raw material combination is large, and it has also connoted the problem which spoils 
profitability in one side. 
[0009]- 

[Means for Solving the Problem] This invention is made against the background of such a 
situation. It **. This invention the presentation of the steel for plastic-molding metal 
mold By weight %, C: 0.10 - 0.25%, Si: 0.25 ** -0.35%, Mn: It changes firom Fe to a 
remainder real target 1.20 - 2.20%, P:<=0.020%, S:0.01 - 0.05%, Cr: 1.60-3. 00%, 
Mo:0.03-2.00%, V:0.01 - 0.40%, and B:<=0.002%. And following type BH value 
=326+847.3 It is characterized by making with the presentation with which it is satisfied 
of +18.3 (Si%)-8.6 (Mn%)-12.5 (Cr%)<=460 (C%) (claim 1). 

[0010] It adds to the above-mentioned component here. As a selection element any one 
sort of Cu and nickel, or two sorts It can be made to contain in Cu:<=1.0% and 
nickel :<=2.0%. As other selection elements, fiirthermore, any one sort of Zr, Pb, Te, 
calcium, and the Bi, or two sorts or more Zr: It can be made to contain in 0.003-0.2%, 
Pb:0.03-0.20%, Te:0.01-0.15%, calcium:b.6005-0.010%, and Bi:0.01-0.20%. 
[0011] 

[Function] This invention easing the constraint on raw material combination by making [ 
many ] the amount of Si which can be added And it is what was made in order to obtain 
the steel for plastic-molding metal mold of JP,3-177536,A, and the steel for plastic- 
molding metal mold which was excellent in the weldability which does not need 
preheating and post heating on the occasion of welding similarly, in addition - It makes 
to have rationalized other additions and addition balance of an alloy content for 
expanding the upper limit of the content of Si to 0.35% (a minimimi being 0.25% **), 
and permitting this into a main point. 

[0012] Since it **, and many Si can be made to contain according to this invention, while 
the degree of fireedom of raw material combination, i.e., the degree of fi-eedom of an 
usable raw material, increases in manufacture of the steel for plastic-molding metal mold 
and profitability increases, the steel for plastic-molding metal mold excellent in 
properties, such as weldability and hardenability, can be obtained. 
[0013] Next, work of the above-mentioned alloy content and the reason for definition of a 



content are explained in full detail. 

C:0.10 - 0.25%C is a fundamental alloying element for adjusting an organization and 
hardness. C is required 0.10 (28 or more [ Desirably 25 or more HRC(s), more desirably 
])% or more, in order to secure necessary hardness in annealing of about 600 degrees C 
for removing heat treatment residual stress. On the other hand, if it is made to contain 
exceeding 0.25%, lowering of weldability will be caused under the content of Following 
Si, and an organization will do martensite systematization, and machinability will fall. 
Therefore, an upper limit is made into 0.25%. 

[0014] Si: 0.25 ** - 0.35%Si is an effective component at the point which raises 
deacidification, oxidation resistance, hardenability, and base hardness. However, at 
0.25% or less, in respect of raw material combination, since profitability is bad, it 
considers as the amount exceeding 0.25%. Since toughness and weldability will fall on 
the other hand if it increases more than 0.35%, an upper limit is made into 0.35%. 
[0015] Mn: 1.20 - 2.20%Mn is an effective component as a component for combining 
with S further and giving machinability for improvement in the hardenability for [ for 
deacidification ] obtaining a bainite organization, and base hardness. Moreover, Mn also 
has the work which raises weldability by adding more than a constant rate. However, it is 
necessary to make it contain L20% or more for that purpose. Since weldability and 
machinability will fall on the other hand if it exceeds 2.20%, an upper limit is made into 
2.20%. 

[0016] P: For weld-cracking susceptibility, <=0.020%P is harmful and needs to make the 
upper limit 0.020%. 

[0017] SrO.Ol - 0.05%S combines with Mn, and gives machinability, and is effective also 
in weld-cracking prevention. However, if many [ too ], toughness and hot- working nature 
will fall. It is required of this invention to make S contain in 0.01 - 0.05% of range. 
[0018] Cr: 1.60-3.00%Cr is a component effective in the hardness reservation by the 
hardenability for obtaining oxidation resistance and a bainite organization, and the 
detailed carbide deposit at the time of temper. Moreover, good weldability is securable by 
making Cr into 1.60% or more. If it is made to contain mostly across 3.00% of another 
side, an organization will do martensite systematization, and will become superfluous [ 
hardness ], and machinability will fall. 

[0019] Mo: 0.03 - 2.00%Mo gives temper softening resistance 600 degrees C or more 
while raising hardenability. 0.03% or more is required as an indispensable addition for 
that. Since a cost rise will be caused on the other hand while machinability falls if it is 
made to contain exceeding 2.00%, an upper limit is made into 2.00%. 
[0020] V:0.01 - 0.40%V is after the hardness reservation by the detailed carbide deposit 
at the time of temper, and is a component effective when making crystal grain detailed, 
and is made to contain 0.01% or more in this invention. However, if it is made to contain 
exceeding 0.40%, while machinability and toughness will fall, weldability will fall. 
[0021] B: <=0.002%B is harmful and it is necessary to regulate it to 0.002% or less for 
weld-cracking susceptibility. 

[0022] Cu:<=LO%nickel:<= ~ Cu and nickel are all selection alloying elements in this . 
invention of the component added in order to obtain required hardness 2.0%. Cu is 
effective in order to obtain hardness by precipitation hardening in annealing at 500 
degrees C or more, and on the other hand, if many [ too ], hot- working nature will be 
injured here. So, an upper limit is made into 1.0% in this invention, nickel is made to 



contain in 2.0% or less of range by the element contributed to the improvement in 
hardenability. If this upper limit is exceeded, machinability will worsen. 
[0023] Zr:0.003-0.2%Pb:0.03-0.20%Te:0.01-0.15%calcium:0.0005 - 0.010%Bi: - 0.01 
to 0.20%, each of these components is effective components, in order to raise 
machinability. Among these, although the operation which Zr suppresses the expansion 
of a sulfide and raises toughness is also carried out, if it exceeds 0.2%, machinability will 
fall rather. Moreover, if the above-mentioned upper limit is exceeded, in order that each 
of other element may generate a sand mark and a black spot, it is made to contain in the 
range below each upper limit. 

[0024] BH value = - 326+847.3 (C %)+18.3 (Si%)-8.6 (Mn%)-12.5 (Cr%)<=460 - at 
the time of welding, BH value is a value of the hardness by the side of the base material 
of the weld junction section which maximum stress joins (Hv), and is expressed as a 
function of the alloy content in a parenthesis here, reispectively. 

[0025] The rate of weld cracking changes [ the hardness BH value by the side of the base 
material of the weld junction section ] rapidly bordering on 460 by Hv, this invention 
person will check the data that the rate of weld cracking increases rapidly, if Hv exceeds 
460, and he is indicating in a previous patent application (JP,3- 177536, A). 
[0026] Along with this, even if a convention of BH value in this invention can control 
weld cracking and does not perform preheating and post heating by holding down BH 
value or less to 460, it becomes possible [ performing welding remedy good to plastic- 
molding metal mold ] . 

[0027] As it has appeared in the above-mentioned formula, BH value becomes high along 
with buildup of C and Si, and a value becomes low at reverse according to buildup of Mn 
and the amount of Cr(s). Although this invention makes the content of Si higher than the 
steel type of above-mentioned JP,3-177536,A and serves as an inclination which gets 
worse about weldability at the point, the lower limit of the addition of lowering, and Mn 
and Cr is raised for the upper limit of C by one side, and the description is that it has 
canceled the adverse effect to the weldability by loading of Si by them. 
[0028] 

[Example] Next, the example of this invention is explained in full detail below. After 
ingoting and forging the steel of the presentation shown in a table 1, it heat-trea.ted on 
condition that the following, and the slanting Y mold weld cracking test which produces 
a test piece and is specified to JIS-Z3158 was carried out. The result is shown in a table 2 
with hardness. 

[0029] <Heat treatment conditions> Hardening 870-950-degree-C annealing 620 degrees 
C [0030] 
[A table 1] 



m 1 







mmmz 


mm 3 


mmm4 






mm 7 


tfc®fMl 








c 


0.11 


0.15 


0.19 


0.17 


0.21 


0.18 


0.14 


0.27 


0.18 


0.21 


0.19 


Si 


0.27 


0.26 


0.28 


0.26 


0.26 


0.31 


0.29 


0.27 


0.37 


0.31 


0.30 


Mn 


1.29 


1.53 


1.49 


1.52 


2.14 


2.01 


1.63 


2.32 


1.60 


1.08 


1.64 


P 


0.016 


0.006 


0.015 


0.018 


0.014 


0.018 


o.on 


0.016 


0.012 


0.015 


0.019 


S 


0.042 


0.030 


0.011 


0,027 


0.038 


0.014 


0.021 


0.022 


0.015 


0.061 


0.032 


Cu 


— 


— 


— 


— 


0.80 


— 


— 


— 








Ni 


— 


- 


— 


— 


— 


1.20 


0.36 


— 








Cr 


1.74 


2.31 


1.86 


2.25 


2.84 


2.74 


2.83 


1.88 


1.74 


1.92 


1.52 


Ho 


0.98 


1.15 


0.36 


0.45 


0.49 


1.3S 


0.53 


0.59 


1.21 


0.92 


0.35 


V 


— 


0.24 


0.10 


0.10 


- 


0.29 


0.04 


0.17 


0.09 


0.33 


0.57 


B 


0.0012 


0.0009 


0.0010 


0.0007 


0.0014 


0.0017 


0.0013 


0.0009 


0.0016 


0.0004 


0.0011 


It 


— 


— 


— 


— 


0.007 


— 


0.05 


— 


— 






Pb 












0.11 












Te 














0.07 










Ca 












0.0022 












Bi 














0.08 










BHt 


391 


415 


455 


433 


455 


433 


401 


516 


450 


476 


459 



[0031] 
[A table 2] 

m 2 





«!$(HRC) 




mmm i 


25.4 


0 




30.9 


0 




30.7 


0 


mmm 4. 


32.6 


0 




37.6 


0 


mmme 


36.9 


0 


mmm-? 


33.5 


0 




39.2 


70 




37.8 


30 


tmm 3 


30.1 


40 




33.4 


20 



[0032] In the case of the steel type of the example of this invention, weldability is good, 
and the result shown in a table shows that a hi^ degree of hardness is moreover 
obtained. In addition, the above is the example of this invention to the last, and this 
invention can also be carried out in other modes. 
[0033] 



[Effect of the Invention] While according to this invention in manufacturing the steel for 
plastic-molding metal mold it becomes possible to make many Si as an alloy content 
contain, the degree of freedom of raw material combination increases in manufacture of 
the steel for metal mold and profitability becomes good, the steel for plastic-molding 
metal mold excellent in properties, such as weldability and hardenability, can be 
obtained. 



